Abstract -Among many other applications, ultra wideband UWB technology for WPANs or more specifically wireless (UWB) is considered a promising technology to be deployed for body area networks (WBAN), cannot be successfully the future wireless personal area networks (WPAN) . The implemented in the household environment without a objective of our work is to investigate the indoor propagation thorough analysis of its indoor propagation characteristics. characteristics of a UWB signal of which its equivalent IEEE standardized a channel model in 2003 for indoor UWB In addition to the above globally standardized models, a number of literatures have been published to report the field Keywords -Ultra wideband, channel characterization, path measurements of UWB propagation in indoor environments. loss model, indoor propagation.
Introduction
for the flats or apartments of a high-rise building which are the most popular residential constructions in the highly congested FCC was the pioneer organization who gave definitions and cities like Hong Kong. Ref. [9] is one of the few literatures rulings of UWB technology. To avoid interference to the dedicated for the apartment-type of the indoor environment in existing radio services, they published the First Report and Korea. The structural walls in a high-rise building are Order in [1] to limit the UWB radiation and also permitted the considered radio unfriendly. The strong and thick partitions technology commercialization. The document defines the made of concrete and steel studs considerably attenuate radio radiation masks as shown on Fig. 1 . frequencies especially in the higher frequency bands as those The radio transceivers employed in this experiment operate used in the UWB. From our experiment, we have derived the at the centre frequency of 4 .7GHz with a bandwidth and path loss exponents n and standard deviations o-in different radiation power of 3.2GHz and -lldBm respectively. They scenarios, i.e. line-of-sight (LOS), non-LOS (NLOS), and were FCC-compliant UWB devices and were used for various corridor. With the waveform scan on the time domain, the types of analysis throughout the experiment. Its occupied time dispersion parameters as a result of multipath can be spectrum under the FCC defined mask is also shown on Fig. 1 The radiation element is a V-shaped theoretically channels are commonly characterized by the mean excess omni-directional wideband and vertically polarized antenna delay and root mean square (rms) delay spread as described in covering the whole frequency range. However, there is [13] inevitably a 6dB variation for the radiation pattern on the H-plane. To minimize this variation affecting the accuracy of D. Path Loss Model our results, the broad sides ofrespective antennas were always For each scenario, the transmitter was kept stationary and kept facing and parallel to each other such that the antenna only the receiver was moved to different locations in the flat to gain could be constantly maintained at its maximum collect the measurement data for characterization of the throughout our experiment.
large-scale path loss behaviour of the propagation channel. In order to characterize the small-scale fading effect, at each test B. Environment point the receiver was moved 25mm for 16 locations on a 4x4 The indoor environment under evaluation is a living flat of grid, as illustrated by the square grid in Figure 3 . This spacing approximately 90m2 in floor area. The flat is on the upper is approximately equal to X/2 = 24mm of the UWB signal with floor of a high-rise residential building that utilizes some of its maximum frequency at 6.3GHz. So, the path loss at each the internal partition walls as structural support. As shown in test point can be determined by averaging the corresponding Fig. 3 , the walls in dots are structural walls made of thick set of spatial path losses by (1). concrete materials and with a framework of steel studs inside. Other internal walls are either made of bricks or plasterboards.
1PL6 (d)
The flat is fully furnished with all necessary living necessities. PL (d) = 1=( The measurements were conducted in mid-night to minimize 16 the effects from any moving objects and electromagnetic where d is the distance between transmitter and receiver;
interferences caused by the operation of any electrical PL'sp(d) the spatial path-loss at the receiving point with a appliances. All room doors were closed except the glass door distance d from the transmitter and at grid point i. at the entrance of the corridor. To resemble the real case of By waveform scan the peak amplitude of the received signal using the UWB devices at waist level, both the transmitter and at distance d and grid point i and comparing that value to the receiver were placed at Im above the floor. To ensure the peak amplitude at the reference position, test point A in this environment was free from interference in the interested case, the excess path loss (in dB) with reference to Im can be frequency range, a scan of the ambient noise background was expressed in (2) Through actual field measurements, the empirical approach Scenario 4 was to further investigate the attenuation of a adopted here has the advantage of taking all propagation UWB signal through a glass door by simply comparing the factors into account. The propagation model is based on the measured field strengths with the door open and close. The log-distance path loss model as described in [13] . Such model interaction of human body with UWB signal was measured in has been extensively used for both narrow and recently wide scenario 5. The receiver was placed at waist level and in close band transmissions. The model can be realized by curve proximity with an adult human body. A measurement was fitting on a scatter plot of measured data and then derive the taken for an angular movement of every rotation of 36°. So, a path loss exponent n from (3). set of 10 measured data could be obtained and was plotted on a radar chart to show the effect of a human body at different 
XG is a zero-mean Gaussian distributed random variable (in dB)
In order to determine an average small-scale power delay with standard deviation cs (in dB).
profile, Fig. 4 should be represented as plot of relative
The value of n and cs depends on the specific propagation received power (in dB) as a function of excess delay with environment. The main objective of our experiment for respect to afixed time delay reference as shown on Fig. 5 . The scenarios 1 to 3 is to determine n and cs of a UWB signal mean excess delay and rms delay spread for the power delay propagated in this typical residential environment of a highly profile can be computed as follows:
congested city. Mean excess delay t= 5.5 nsec; Rms delay spread 3-2.1 nsec. Table 2 . It is found that the path loss exponents inside the premises are almost the same (n -10000 = 1.6), no matter the environment is the living room or the -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10
Time (nSec) corridor. Their standard deviations are 0.7 and 2.ldB Technologies, 2002 location with clear LOS. Our measurements on human body also clearly indicate that orientation ofthe body, and hence the degree of interaction of the human body on the propagation path, affects considerably the received signal. When the path is completely blocked by the human body, i.e. 180°as shown in Fig. 7 , there appears a very sharp and pronounced null.
Conclusion
We have presented an empirical analysis of the UWB propagation channel in an apartment by using 5 sets of data measured under different scenarios. Our measurement procedures have taken into account both the small-scale and large-scale fading characteristics. The results of both time dispersion measurement and path loss modeling obtained in this experiment for such a typical small flat in Hong Kong are in fact comparable with those for larger premises. We also presented the results of the propagation loss penetrated through different building materials and with the body's effect.
